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Asphalt rubber concrete pavements include at least two types of flexible pavement surfacings made with

asphalt rubber cement as the binder, stone mastic and open-graded mixtures. The asphalt rubber binder generally

contains 15-25 percent recycled scrap tire rubber blended with standard paving grade asphalt cement. Asphalt

rubber concrete pavements are applicable to virtually any flexible pavement surfacing requirement, providing

such performance benefits as reduced temperature susceptibility, reduced low-temperature cracking potential,

reduced high temperature deformation distress potential, reduced age-hardening potential. and reduced binder-
aggregate stripping potential.

"This report includes discussions of the description. applications, benefits, limitations, costs, and

recommended uses for asphalt rubber concrete pavements. A model guide specification for open and gap-graded

asphalt rubber concrete pavements is also provided in the appendix of this report.
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IExecutive Summary

Description

Asphalt rubber concrete pavements include at lInt two types of flexible
pavenent surfacing often made with asphalt rubber cement as the binder;
atone mastic and open-graded mixtures. (ftere is some disagreement in the
Indutry concerning the definition of a stone mastic versus, open or gapi-gaded
mixtures, This report does not attempt to adress that agreement but includes
both ducriptioms for the reader's benefit.) The asphalt rubber binder
geealdly monains 15-30 percent of finely ground up recycled scrap tire
rubber blende with standard paving grade asphalt cement. The recycled
rubber Is ground to various particle sizes, prablended with the asphalt coment
at elevated mixing temPeratures, and then uwd in the sums manner as,
standard asphalt cemwens wre used in flexible pavement surface mixtures.

Applications

Asphat rubbe momet p~avems me applicale to virtually any flexible
pavinm surfacing reqiulrmu. Successful applications of asphalt rubber
concrete pmayent have been docmented fac airports, heavily-trafficked
highways, and urban roads md i stemt.

Benefits

Asphalt rubber concret pavemuft can provide severa performac
benafts over traditional asphalt concrete pavement, including: reduced
temperature susceptibility, reduced low-tempeaure cracking potential,
reduced high-temperature defomation distres potential, reduced
age-hardening potential, and reduced binder-aggregate stripping potential.
The Increased viscosity of asphalt rubber binders make them particularly
well-suited for stone mastic and openp-gaded paving mixtures.

Umnitations

7%e use of asphalt rubber materials may be somnewhat limited by local
availability. It is expected that the number of asphalt rubber suppliers will



increase and become more widespread In the coming years as this technology
becomes more popular, however. The most notable limitation in using asphalt
rubber currently is the determination of whether the projected cost savings
from improved performance outweighs the higher initial costs of materials and
construction.

Costs

Asphalt rubber concrete pavements can cost 50-150 percent more to
produce and place when compared to standard asphalt concrete pavements.
Life-cycle cost savings should be realized with asphalt rubber concrete,
however, as certain applications will provide reduced maintenance costs and
longer service lives. The projected life-cycle cost savings must exceed the
increased cost of construction in order for the asphalt rubber altentive to be
cost-effective.

Recommendations for Use

Asphalt rubber conicrt pavement is ec mnended for use whemeve local
expe ce with tundard asphalt conrete pavement indicates that the asphalt
rubber altead e will provide pwforman Md cost saving benefift th
outweih te hge Initial cost associated with aphalt rubber. The asphalt
rubber concrt alternative is generally suitable for my type of flexible
paveWAt systm. As this is an emerging tech g, may recent local

erpeneces and the lawt digp and axnctiom guidance should be used
when involved in ansphalt rbe concret paveim project.

No gude specification f military comaruuca curM ty exists for ph
rubbe coa s pavements. OAude specificatin on this Wtecology have been
prepw d b oter gove me ump toe agecies and by pritvm
industry, however. Oe example of a guide specification for open and
ep-graed asphalt mubber concrete pavemues is found in Appendix A of this

report. It is recomended that this guide specification be used a a model
until sou time that a Corps of Engineers Guide Specification (CEGS) is

published or until a more suitable guide specification model is produced.

Points of Contact

Points of contact regading this technology are:

2 cmter Exeuwtive sum.y



Techrncal

Director
U.S. Army Waterways Experiment Station
ATTN: CEWES-OP-Q (Mr. Gary L. Anderton)
3909 Halls Ferry Road
Vlcksburg, MS 39180-6199
Telephone: 601-634-2955
Fac~1mile: 601-634-3020

FEAP Program Monitor

Commander
U.S. Army Center for Public Works
ATTN: CECPW-ER (Mr. Lloyd N. Werthmuller)
7701 Telegraph Road
Alexandria, VA 22310-3862
Telephone: 703-806-5997
Facsimile: 703-806-5219
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2 Preacquisition

Description of Asphalt Rubber Binders

Asphalt rubber binders are produced by blending and reacting traditional
asphalt cements with 15-25 percent ground reclaimed tire rubber at elevated
mixing temperatures. Reaction of the rubber particles in the asphalt cement
generally involves blending for an hour or more at temperatures in the
175-205 dog C range. Tnis reaction time allows the rubber particles to swell,
producing a binder with improved temperature susceptibility, flexibility and
elasticity as compared to most unmodified asphalt cements. The antioxidants
and carbon black in the tire rubber also act to reduce the natural aging process
of the binder.

Higher than normal binder contents (2-5 percent higher) can be utilized
with asphalt rubber binders because of their higher viscosities at typical
asphalt concrete mix temperatures. The higher viscosities and higher binder
contents result in thic-er binder films cuz' the aggregates, which in turn
improves aging resistance and durability. Higher binder contents also provide
greater fexiblity in the pavement surfacing, increasing the pavement's
resistance to fatigue cracking.

Applications

Asphalt rubber binders have been successfully used in the past in several
pavement applications, including: pavement crack and joint sealants, stress
absorbing membrane (SAM) surfacings, stress absorbing membrane interlayers
(SAMI), and various types of hot mix asphalt (HMA) applications. In recent
years, the development of the asphalt rubber HMA technologies has gained
interest in the pavements community. The highly viscous nature of asphalt
rubber binders make them particularly well-suited for gap-graded or "stone
mastic" mixtures and open-graded mixtures. These two types of HMA
surfacings are relatively new to U.S. practice. The asphalt rubber
technologies; however, are applicable to virtually any flexible pavement
system where increased durability and resistance to cracking and weathering
are desired. Successful applications of asphalt rubber concrete pavement have
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been documented for airports, heavily-trafficked highways, and urban roads

and etrets.

Design Methods

Areas of design which must be addressed for both the stone mastic and
open-graded asphalt rubber applications include those of the asphalt rubber
binder, aggregates, asphalt rubber and aggregate mixture, and the pavement
cross section or thickness design. Each of these design areas are addressed in
the guide specification found in the appendix of this report. However, the
asphalt rubber HMA area i a developing technology and the latest design
guidance and experienced contractors should be sought out on each project.
General design considerations not specifically addressed in the attached guide
specification are discussed in the following paragraphs.

As with any pavement design, the selection of materials should be heavily
Influenced by local experiences. Since the rubber particles create a highly
viscous binder, a good rule to follow when selecting the base asphalt cement
is to use one grade lower (or less viscous) than the grade normally used in the
particular area, The amount of rubber used in the binder will to a larp extent
determine the amount of the increased viscosity. Also, the chemical make-up
of the asphalt cement wfll influence the degree of reaction that occurs and
therefore the quality of the resulting binder. Asphalts which have higher
degrees of aromaticity will dissolve and interact with the ground tire rubber to
a much greater degree than asphalts with lower aromatic contents. Ground
rubber particle size, shape and texture can also influence the physical
characteristics of the resulting asphalt rubber binder. Use of local experience
or the experiences of similar projects from similar environments will aid in
the selection of the proper asphalt rubber material.

There should be no significant difference in the required aggregate
propertus when using asphalt rubber binders in either the stone mastic or
open-graded asphalt mixtures. It is possible to decrease the amount of fine
aggregates required in both types of HMA applications as the increased binder
contents and viscosities will fill some of the void spaces created by the lack of
fine aggregates without substantial loss In stability. The recommended
aggregate gradations for both types of HMA applications are given in the
guide specification found in the appendix of this report.

There are two areas of mix design that will be different when using asphalt
rubber binders in stone mastic or open-graded asphalt mixtures. The first aren
of significant difference is the iucreased binder content allowed by the asphalt
rubber's higher viscosity. Binder content increases of 2-5 percent may be
physically possible without negative effects, but the increased binder content
for asphalt rubber mixtures will generally be limited by the desired pavement
improvements and costs. As a minimum, the binder content should be
increawed for an asphalt rubber mixture by an amount equal to the amount of
rubber in the binder. The second area of mix design requiring a significant
change for asphalt rubber mixtures is the mix temperature. Because of the

Chopter 2 PmreOl.tion



Increased viscosities of asphalt rubber binders, mix temperatures are usually
increased 15-40 dog C. The particular viscosity characteristics of the asphalt
rubber binder used will determine the mix design temperature. These two
Issues as well as others relating to asphalt rubber concrete mix design are
addressed in the attached guide specification.

Thickness designs are, for the most part, unchanged for asphalt rubber
concrete mixtures. Open-graded asphalt surfacings are generally only 3/4- to
1-in.-thick when unmodified binders are used and there is no current evidence
to warrant any change In thickness for asphalt rubber open-graded surfacings.
At least two states, Arizona and California, have successfully constructed
asphalt robber dense-graded roadway surfacings at one-half of the design
thickness for an unmodified dense-graded surfacing, 1 Therefore, although the
stone mastic aggregate grading is quite different from the traditional
dense-graded system, it could be possible to reduce the SMA thickness when
asphalt rubber binders are used. This concept of reduced thickness with equal
paformance for asphalt rubber stone mastic surfacings must be proven in field
trials before a full-scale application is attempted, however.

Construction Techniques

Construction of an asphalt rubber concrete pavement requires a few
changes from the techniques used with unmodified asphalt concrete mixtures.
The first of these modifications is at the asphalt plant where the asphalt rubber
concrete mixture is produced. Most asphalt rubber binders will require a
separate binder storage tank with appropriate agitation to prevent sagreation
of the ground tire rubber and asphalt cement. This storage tank must be able
to evenly heat the binder at elevated temperatures, generally 150-190 deg C.
In addition to this storage tank, a separate supply system equipped with a
pump and metering device capable of combining the viscous asphalt rubber
binder with the aggregates at the correct percentage should be used.

The most notable difference between asphalt rubher eoncrete mixtures and
unmodified asphalt concrete mixtures during placement is the mix
temperature. Asphalt rubber concrete mixtures are required to be at least 15
dog C higher than unmodified mixtures and can be up to 40 deg C higher if
needed. The increased mix temperature allows asphalt rubber concrete
mixtures to be hauled, placed, and compacted in much the same manner as
unmodified mixtures. Because the asphalt rubber mixtures tend to be
somewhat sticky when hot, rubber tire rollers will usually pick up the mix
during compaction and therefore are not used to compact asphalt rubber
concrete mixtures. Rubber tire rollers are generally not used on open-graded
and stone mastic mixes regardless of the binder type, so their exclusion from
these mixture types with asphalt rubber binders should not be an issue.

Quality control testing of asphalt rubber concrete mixtures is also slightly
modified to account for the different binder. Current methods of binder
extraction using solvents are not effective in determining binder content. It is
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possible through standard extraction techniques, however, to clean the
aggregates in an asphalt rubber concrete sample to a point where a suitable
sieve analysis can be conducted. Nuclear gauges designed to determine binder
contents are currently the most effective method of determining asphalt rubber
binder contents in field samples.

Umitations/Disadvantages

The use of asphalt rubber binders in either an open-graded or stone mastic
mixture may be somewhat limited by local availability of the binder. It is
expected that the number of reclaimed rubber and asphalt rubber suppliers will
increase and become more widespread in the coming years as this technology
becomes more popular, however. Also, new techniques involving central
plant production of more stable blends should make these binders easily
a.cessible to virtually any asphalt concrete plant location in the near future.
The number of paving contractors experienced in constructing asphalt rubber
concrete pavements is another limitation that should be lessened as the asphalt
rubber industry continues to grow.

The most notable limitation in using asphalt rubber binders currently is the
initial or "first" cost. Current cost comparisons indicate that asphalt nrbber
concrete pavements can cost 50-150 percent more to produce and place when
compared to unmodified asphalt concrete pavements2. Therefore, the
projected cost savings from improved performance (longer pavement life
and/or less maintenance) must outweigh the higher initial construction costs in
order for the asphalt rubber alternative to make economic sense. Further
information on the cost issue is provided in the following section of this
chapter.

Life Cycle Costs

Asphalt rubber binders typically cost from two to four times as much as
unmodified asphalt cement2 . This binder cost increase can result in a 50-150
percent increase in the cost of an open-graded or stone mastic pavement
surfacing. Ew-a with this considerable increase in initial cost, there are
numerous considerations that could make an asphalt rubber concrete pavement
less expensive than an unmodified asphalt concrete pavement in terms of life
cycle costs and possibly even in initial cost. These considerations, which have
already been proven in many field applications', include: reduced thickness
wIth equal or better performance, allowance of a less expensive overlay design
versus a reconstruction design, and reduced maintenance costs. Each of these
considerations along with any others that effect life cycle costs will have to be
considered when making economic comparisons between asphalt rubber and
unmodified asphalt concrete mixtures.

In attempting to project the future of asphalt rubber prices, it is helpful to
note the bid experiences of the state of Arizona, perhaps the most experienced
state in terms of asphalt rubber usage. During the last ten years in Arizona,
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the average low bid price for asphalt rubber cement has fallen from 505 S/ton
to 263 S/tonF. During this same time frame, the national average cost of
asphalt cement has fallen from the 150-175 S/ton range to approximately 125
S/ton. If this trend continues, the initial cost difference between AR concrete
pavements and unmodified AC pavements will become even smaller.

AdvantageslBenefits

Asphalt rubber binders can provide a number of advantages over
unmodified asphalt cements when used in open-graded or stone mastic asphalt
concrete pavement surfacings. Some of these benefits are due to the unique
physical and chemical characteristics of the asphalt rubber binder while others
are due to the fact that more binder is allowable in the mixture when using
asphalt rubber. The most significant of the asphalt rubber advantages are
discussed in the following paragraphs.

Undoubtedly, the most important benefit of a properly functioning
open-graded asphalt concrete surfacing relates to enhanced vehicle/passenger
safety. When substituting an open-graded surfacing for a typical dense-graded
asphalt concrete surfacing, safety is improved by reducing water spray from
passing traffic, thus improving visibility, and reducing hydroplaning by
preventing accumulation of surface water. Dry weather skid resistance is also
improved by the roughened surface texture of the open-graded asphalt
concrete surfacing.

Open-graded asphalt pavements have a tendency towards premature failures
due to the lack of fine aggregates in the mixture and the intentionally designed
high void contents. The use of asphalt rubber binders in open-graded
mixtures can solve many of the durability problems associated with
unmodified open-graded asphalt concrete. The use of asphalt rubber permits
higher binder contents, thus thicker binder films (due to the high viscosity of
the asphalt rubber) without excessive drain-off. The increased binder film
helps to increase the mixture's high-temperature stability, reduce reflective
cracking, and resist stripping in the presence of water. The antioxidant
materials found in the tire rubber teamed with the thicker binder films also
helps to reduce the negative effects of oxidation or "age hardening"3. A
possible site specific benefit of using asphalt rubber in open-graded pavement
surfacings is that the asphalt rubber mixtures can be placed in colder than
normal ambient temperature conditions due to the allowable higher mix
temperatures.

The benefits provided by a stone mastic asphalt (SMA) pavement when
compared to a typical dense-graded asphalt pavement lie in the designed
stone-to-stone contacts or "aggregate interlock" and the higher allowable
binder contents. This unique combination helps to provide a more durable
and flexible asphalt concrete pavement with increased resistance to reflective
cracking, rutting and oxidation. The advantage of using an asphalt rubber
binder in a SMA mixture is simply tied to the increased binder viscosity
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during mixing, placing, and under trafc at high unrce temperatre. With
unwA difled asphalt ceentos, a cerain amount of mineral filler is usually
required to stiffen the binder and to prevent bleeding from hWghW than norma
binder contents. This mineral fller may not be required in updalt rubber
SMA mixtures to obtain equal or superior performance. SMA mixtums by
nature require a more viscous binder, ele mehnically or chemically
induced, and asphalt rubber binders are wall-sited for these types of asphalt
concrete mixtures.

Chapter 2 Preacquiition



3 Acquisition/Procurement

Potential Funding Sources

Typically, installations fund the implementation of pavements and railroads
technologies from their annual budgets. However, the installation's annual
budget is usually underfunded and the pavements and railroads projects do not
compete well with other high visibility or high interest type projects. As a
result, it is prudent to seek out additional funding sources when the project
merits the action. Listed below are some sources commonly pursued to fund
projects.

a. Produc•tvty program. See AR 5-4, Department of the Army
Productivity Improvement Program for guidance to determine if the
project qualifies for this type of funding.

b. Facilities Engineering Applications Program (FEAP). In the past, a
number of pavement and railroad maintenance projects located at
various installations were funded with FEAP demonstration funds. At
that time, emphasis was placed on demonstrating new technologies to
the Directorate of Engineering and Housing (DEH) community. Now
that these technologies have been demonstrated, the installations will be
responsible for funding their projects through other sources. However,
emphasis concerning the direction of FEAP may change in the future;
therefore, one should not rule out FEAP as a source of funding.

c. Special programs. Examples of these are as follows:

(1) FORSCOM mobilization plan which may include rehabilitation or
enlargement of parking areas and the reinforcement of bridges.

(2) Safety program which may include the repair of
unsafe/deteriorated railroads at crossings and in ammunition
storage areas.

(3) Security upgrade which may include the repair or enlargement of
fencing.

10 Chapter 3 Acquisiuton/Proourement
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f Tor udijWd. T"is type of funding ahould be coordinated with the
MACOMs to emmure tht the funds will not be lost after a contract is
adve~rtiled.

g. Opmfido and Meakxwece Awy. These ae the normal funds used
for funding pavemoent and railroad projects.

Technology Components and Sources

Components of the technology which must be procured for the use of
asphalt rubber concrete pavement are: section design (may be in-house or
contracted out) and a construction contract for the asphalt rubber concrete
pavement. Additional requirements of an asphalt rubber concrete mixture
plant when compared to traditional asphalt concrete plants include the
following: a separate binder storage tank with agitation capabilities
(mechanical stirring or pumped circulation) to keep the asphalt cement and
rubber particles from separating; an evenly distributed heating source for the
asphalt rubber storage tank; and a separate binder supply system equipped
with a pump and metering device capable of combining the viscous asphalt
rubber binder with the heated aggregates at the correct percentage.

Asphalt rubber suppliers and paving contractors experienced with asphalt
rubber concrete pavements are available in virtually all areas of the United
States. The most current design and construction guidance should be sought
out and used on every asphalt rubber concrete pavement project. These types
of guidance documents are currently being produced by a number of agencies,
including the Federal Highway Administration (FHWA), most state
Departments of Transportation (DOT), and numerous independent asphalt
rubber suppliers, contractors, and engineering consultants. Technical guidance
and further information on asphalt rubber concrete pavement market in the
United States may be obtained by contacting:

Rubber Pavements Association
312 Massachusetts Avenue, NE
Washington, DC 20002
Telephone: 202-544-7111
Facsimile: 202-544-7146

Chapter 3 Aoquluition/Proourement 11



Procurement Documents

Technical reports

The Corps of Engineers has published two technical reports on research
studies of asphalt rubber concrete pavements:

"Evaluation of Asphalt Rubber Binders in Porous Friction Course,"
Technical Repoti CPAR-GL-92-1, USAE Waterways Experiment Station,
1992.

"Summary of Research on Asphalt Rubber Binders and Mixes," Technical
Report CPAR-GL-92-2, USAE Waterways Experiment Station, 1992.

Applicable specifications

No current Corps of Engineers Guide Specification exist on asphalt rubber
concrete pavements. There are, however, guide specifications used within the
construction industry, including the one found in Appendix B of this report.

GSA Nating

None

Vendors Eat and recent prices

Any local contactor with experience in asphalt paving should be able to
successfuly construct an asphalt rubber concrete pavement. As this is a
relatively new paving technology with mostly test sections md pilot projects
costructKed, eCemot prics are highly variable and would not reflect a current
pricing standard.

Procurement Scheduling

Normal construction contract schedules should be established that allow
adequate design and plan preparation time, design and review approval,
contract preparation, advertising and award, and construction time. A typical
pavement project is designed 1-2 years before it is constructed; however,
relatively small projects that require limited plans and specifications can be
prepared and ready to go within a few months.

12 Chapter 3 Acquisition/Procurement



4 Post Acquisition

Initial Implementation

Conventional asphalt concrete mixing and asphalt concrete paving
equipment can be used to produce, place, and compact asphalt rubber concrete
pavements. However, early test sections and pilot projects have indicated
some slight changes to normal procedures required by asphalt rubber concrete
mixtures. A separate asphalt rubber storage tank with sufficient agitation
capabilities is required to keep the asphalt cement and rubber particles
from seprating during st ge. This storage vessel must be equipped to
evenly heat the asphalt rubber binder to mix tempaitr ranging from
150-190 deg C. The asphalt rubber cement itself will require larger than
normal pumps and pump lines at the asphalt plant to handle the increased
viscosity of the binder. Mixing, lay down, and compaction temperatures are
also usually higher than normal to account for the increased stiffnes of the
hot asphalt rubber mixture. Rubber tire rollers are not suitable for asphalt
rubber mixtures as the increased adhesion of the binder may cause the mix to
adhere to the rubber tires during compaction.

Matodals

"nTe materials used to produce asphalt rubber concrete mixtures are
basically the same as those used to produce unmodified asphalt concrete
mixtures except for the binder. The aggregate gradations and physical
requirements, as detailed in Appendix B of this report, are particularly
important for open-graded and stone mastic pavement mixtures to ensure
strength and stability from the designed stone to stone contacts. An additional
aggregate material required only for asphalt rubber concrete pavements in
some circumstances is called a blotter material." Blotter material may be a
fine aggregate or sand (meeting the gradation requirements detailed in the
attached specification), and is used to prevent the fresbly placed mix from
picking up during construction or from early trafficking.

The asphalt rubber binder is a combination of two materials, traditional
asphalt cement and reclaimed crumb rubber, with the possibility of an
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extender oil added when needed to reduce viscosity. All three of these
materials ae detailed in the attached specification. As the asphalt rubber
technology continues to develop, slight modifications to these specification
requirements may be required.

The personnel normally required at an asphalt mixture production plant and
those required for asphalt concrete construction are the same as those needed
for the production and construction of an asphalt rubber concrete pavement.
The same similarities exist when comparing the required quality control
personnel of both types of pavement construction. The only possible
exception may be when a unique asphalt rubber mixing and storage tank is
mobilized at the production plant. In this case, the asphalt rubber binder
supplier may require one or two trained personnel to operate or supervise the
operation of the binder vessel and pumping system.

Procedure

The general procedures used to construct an a.phalt rubber concrete
pavement are basically the same as those used to construct an unmodified
asphalt concrete pavement. As previously discussed, only slight modifications
at the asphalt mix plant and during placement are required when using asphalt
rubber binders. Typical construction procedures are also presented in the
attached guide specification.

Cperation and Maintenance

Operation and maintenance of asphalt rubber concrete pavements are no
diffrent than with unmodified asphalt concrete pavements. The stone mastic
asphalt pavement surfacing generally performs in the ame manner as a
traditional dense-graded asphalt concr'e surfacing. An open-graded surfacing
may require special maintenance considerations, however. Open-graded
surfacings require a sound foundation and a good quality intermediate course
of asphalt concrete (free of cracks) since the open-graded material will not
resist reflective cracking. If some minor reflective cracking occurs in the
open-graded surfacing, the cracks must be properly sealed as soon as possible
to prevent edge raveling along the crack facings. Crack sealing will usually
intemrpt water drainage flow in the crack area, but must be done to prevent
further deterioration of the open-graded surfacing. Open-graded surfacings
also require rubber tipped blades on any snow removal equipment to prevent
possible surface raveling from scraping plow blades.

Service and Support Requirements

No special 3ervices or support are required to implement or maintain this
technology.
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Performance Monitoring

Installation peronne can monitor and mreasure the perfomance of an
asphalt rubber comcaes pavement by maiking periodic inspection& of the
pavemmnt for signs; of distress (cracking, rutting, Bluahing, etc.). Iiis
nmoltodng of performance would be no more than that required for any
asphalt concrete pavement. The performance monitoring can be adjusted to fit
into existing pavement management systems.
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SR Asphalt Rubber

Asphalt rubber is a modified bituminous material made by reacting 15-30
percent reclaimed rubber with asphalt cement at elevated mixing temperatures
(175-205C). The rubber may be reclaimed from buffings wasted during the
tire manufacturing process or from ground up whole waste tires. Asphalt
rubber technologies are marketed by the Rubber Pavements Association in
Washington, DC.

AREAS OF APPLICATION (As RECOMMENDE BY P.gMRS•

1. High viscosity binder in open-graded or gap-graded hot mix asphalt.

2. Binder materials in pavement stress-absorbing membranes (SAM) or
stress-absorbing membrane interlayers (SAMI).

3. Pavement spray applications and surface treatments.

4. Pavement joint and crack sealer material.

5. Waterproofing liners on expansive soils, man-made ponds, mining
leaching pads, bridge dock membranes, and land fills.

PYCSIOGRAPHIC FACTOR:

Asphalt rubber binder materials are generally delivered to the job site
pre-blended. Heating temperatures before application are somewhat higher
than for unmodified asphalt cements because of the asphalt rubber binder's
Increased viscosity. The higher viscosity at application temperatures may also
require separate storage vessels, larger capacity pumps, and larger feed lines.

DISCUSSION AND RECOMMQNAfIONS:

Developed in the late 1960's, asphalt rubber binders have been used
throughout the United States and other countries to improve the performance
of asphalt concrete pavements. Recent advances in asphalt rubber technology
coupled with the growing environmental concerns of waste tire stockpiles have
prompted many state and federal agencies to fully implement asphalt rubber
technology in their pavement systems. Full-scale trials on city streets,
highways, and airport pavements have been documented all over the United
States. "hese field applications, along with numerous recent research studies,
indicate that asphalt rubber binders can provide the following benefits:

A2 App.ndix A Feat Sheet



"* reduced temprature susceptibility

"* reduced low-tempeature cracking

" reduced high-temperature deformation distresses

"* reduced age hardening

" reduced binder-aggregate stripping

"* more durable, longer lasting friction courses

Asphalt rubber binders have a well-established history In spray
epplications, surface treatments, SAM's and SAMI's, joint and crack sealants,
and as a waterproofing liner. The technologies surrounding this binder's use
in hot mix asphalt applications continues to be developed. Asphalt rubber
should be considered as a binder In hot mix asphalt applications whenever any
of the potential benefits listed above are desired. The pavement designer will
have to consider an applicable reduced pavement thickness due to increased
strength properties, which should counteract the increased cost (50-150%) to
produced an asphalt rubber concrete mixture.

SUMhMARY

Based on field trials in the last 20 years and recent research studies, asphalt
rubber binders are considered to be a viable binder alternative when increased
pavement performance is desired. Asphalt rubber binders should be
considered as the optimum binder material in certain applications of SAM's,
SAMI's, surface treatments, joint and crack sealants, and waterproofing
liner. The increased viscosity and higher cost of asphalt rubber binders must
be considered during design and construction.

A3
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GUIDE SPECIFICATION
FOR

OPEN AND GAP-GRADED
ASPHALT-RUBBER CONCRETE PAVEMENTS

1. SCOPE

This specffetiaton coveri material, equipment, and oonstructicni procedures (or A asphalt-rubber concrete
pavement using a reacted asphalt-rubber binder.

2. PREQUALh'-ICATION OF A NEW ASPHALT-RUBBER MATERIAL

Prequallticatloa of a new asphalt-rubber material or applicator/supplieir may be reQuested at any tine-
PreQualification will be based on three controlled field applications evaluated alter three years' performance under traffic.
The controlled fiel applications may be of other Construction related uses utifzlng asphalt-rubbei' materials. New
aspltalt-rubber materiall that has been evaluated and prequallfied by an agency recognized nationally may be prequalified
by that agency upon disclosure of Suitable evidence of successful performance. Notwritstanding other agency
prequalificatbion this agency .eserves the right to withhold pieqalification pending the performance evaluation of local
controlled field applicatuJns.

3. ASPHALT-RUBBER BINDER

3.1 GENERAL, The asphalt-rubber binder shall be a uniform reacted blend of compatible paving grade asphaft
cement. crumb rubber modifier (CRM). and other additives. If requi~red. The asphalt-rubber binder shall be -
climate type binder and shall meet the physical parameters listed in Table 11 for the type of binder specified

Note: Attach~ed awe 'Not es to Engineer' which awe reletienced by a suloosuaiot letter (i.e. z). It Is importan; to
reter to hawe notes when develo/ri a spoofllcation from th gispde for hihWaW. roao street, and airport
asprilal"nbrpnv~ig PeqOws.

Please be advised that these wre only genrwal eomntos not didtospcifcations. For addt tnal
lonfomsaf on contact:

/nterNatina S&rledq kic.
6751 W. Galveston
Chanter. AZ 8526

Am.n~ Mr. Joe Cawo. P.E.. Tedmiklal Dkocor
(60)268.0874

Febtuary 17, 1994
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TABLE 1: SPECIFICATIONS FOR ASPHALT-RUBBERBINDER_____
CLMT YEHot Moderate Cold

________ (a) (b) (c)
Aprent Viscosity, 3W0F Min J 1,500 1.500 1,500

Spindle 3.20 RPM. cP, (ASTM 0 2196)' Max 6,000 5,000 5.0(10

softening Point: OF: (ASTM Dl 36) Min___ 135____ 130____ 125____

Resilience. 77OF:%: (ASTM D) 3407) Min____ 25____ 20 ___15

PFOT Residue. (ASTM D) 1754)
Penetration Retention, 39.rF: % Min 75 75 1 75

a. Hot Climate -Average monthly maximum I ¶0PF or greater
Average monthly minimum 30OF or greater

b. Moderate Culmat Average monthiy maximumn I10OF or lower
Average monthly minimum I 50F or greater

C. Cold Climate -Average monthly maximum W0F or lower
Average monthly minimum L50F or lower

Either digital or dial reading viscometers may be used - record peak measurement.
For LV series models, use spindle 3 at 12 rpm
For RV and HA series models, use spindle 3 at 20 ipm.
Haake-type viscometers may be substituted, particularly for field control.

3.2 MATERIALS

.1 Asphalt Cement: The asphalt cement for the asphalt-rubber binder shall comply with requirements of
ASTM D) 3381 and MSHTO M 226. The grade selected shall be determined by laboratory testing performed
by the asphaft-rubbar supplier to ensure appropriate compatibility and reacting characerlstics.0

.2 Asphalt Extender Oil: An asphalt extender oil may be added. If necessary, to meet the requirements of
Table 1. Extender oil shall be a resinous high flash point, aromatic hydrocarbon meeting the following test
requirement:

Viscosity, SUS. at 100F (ASTM 0 88) 2500 minimumn
Flash Point COC. OF (ASTM 0 92) 390 mk**mn
Molecular Analysis (ASTIM 0 2007):

Asphaftenes, Wt. % 0.1 maximumn
Aromatics. Wt. % 55.0 minimeaui

.3 Crumb Rubber Mod ifier (CRM)

.1 General: The crumb rubber modifie (CRM) shall be produced primar~ly from processing automoble
andfor truck tires by amblent grinding methods. The CIR1 shall be substantially free from contaminants
lincludling f1abrc metal, minerAalend other nonorubber substances. The CRM shall be suN~ffiinl dry to
be free flowing and not produce a foamin proble when added to hot asphalt cement. Up to 4% by
weight of talc: or other appropriate bidkgagent can be added to reduice agglomeration od the rubber
pates.

February 17, 1994
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Guide Specification for Open and Gap-Gradedpae
AllhellRuRtblo Concrete Pe~mentsPg:

.2 Physloal Requirements

.1 Gradation and Pallid@e Length: When tested in accordance with ASTM C 136 using a minimum St
gram saminple, the resulting CRIM gradation shall Meet the following gradation limits for the CRh
specified. CAM from more than one source may be used provided the combined rubber gradiatior
Meets the specified limits.

TA1BLE 2: CRUMB RUBBER MODIFIER (CAM) GRADATION LIMITS
Percent Passing

Sieve Size Type I Type 11
No. 8 100
No. 10 95-100 100
No. 16 40-60 70- 100

N o.12 3 0 
0 - 2 0 

2 5 - 6 0

.200 -________ 0-5

a"x. Particle Length 3/16" N16"______

.2 Fiber Content: The CRM shall be designated Grade A or Grade S. For Grade A CRM, the fibe!
content shall be less than 0.1% by weight. For Grade B CRM. the fiber content shall be less thar
0.5% by weight. Fiber content shall be determined by weighing fiber agglomnerationts which art
formed during the gradation test procedure. Rubber paticles shall be removed from the fibs,
agglomerations before weighing.'

.3 Moisture Content: For each CRM type and grade, the moisture content shall be less than 0.75% bý
weight.

.A Mineral Contaminants: For each CRM typ and grade, the Mineral contaminant amount shall not
be greater than 0.25% by weight as determined after water separating a 50 gram (minimum) rubbet
sample In a I liter glass beaker filled with water.

.5 Metal Contaminants: The CRM shall contain no visible metal particlea as indicated by thorougt
slitting of a 50 gram (minimum) sample with a magnet.

.3 Packaging: The CRM shall be supplied in either. reusable bulk containers holding a minimnum of SIX
pounds of CAM: or in moisture resistant disposable bags with efther 50 t 2 pounds or 60±*2 pounds o,
CRM.

The weight of the CRM In the bulk conitainers shall be within 1.0 persant of the ceutiiled! weight. The
containers shall not be stacked on top of each other during storage or shipment.

The samll bags (50 to 6 lobe.) shall be palletizad Into units, each containing 60 bags, to provide net palle;
weights olfeither 2,600 * 100 lbs. or 3.000;a 100 ft. Glue shall be plce between layers of bags tc
Increase the unit stability dur"n shipment. Pallelized units shall be double wrapped with U. V. resistan,
stretch wrap.

.4 Labeling: Each container of CR14 shall be labeled with the maroifactureis designation for the CRM, the
specific type and gradle of CRM In accordance with this specification (example - Type 1, Grade A), the
nominal CR14 weightl, and nuar~oiturer lot numbter dualignsion. Palliftized unla She contain a labe
which indlicalles the MerAd**ure designation, CR4 t"p aild grade, net pelle weight. and productilon lo-
number. The bulk containers (500+ ibs41 shall have the ceduied0 weight of CRM clearly marked on a*
least one side.

!ebnruy 17, 199-
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Gtside SpecJfication for Open and Gap-Graded
"Asphalt-Rubber Concrete Pavements P~e 4

.5 Certification: The manufacturer shall ship along with the CRM, certificates of compliance which certify
that each production lot number or shipment complies with all requirements of this specification.

3.3 ASPHALT-RUBBER BINDER DESIGN: The binder design shall be performed by the asphalt-rubber supplier.
The proportion of CRM shall be between 15 and 23 percent by total weight of the asphalt-rubber binder mixture.

The aspalo-rubber supplier shall supply to the Engineer for approval a binder formulation at least 10 days before
pavement construction is scheduled to begin. The binder formulation shall consist of Ihe following information:

Asphalt Cement
Source and Grade of Asphalt Cement
Source and Grade of Additives Used
Percentage of Asphalt Cement and Additives by Total Weight o0 the Asphalt-Rubber Binder

Crumb Rubber Modifier (CRM)
Source and Grade of CRM
Percentage of CRM by Total Weight of the Asphalt-Rubber Binder

IN CRM fom more than onc source Is utlifzed, the above informalion will be required for each CRM used.

Specific Gravity of Aspelt-Rubber binder at 60 OF.

Physical properties of the blend in accordance with Table 1.

3.4 ASPHALT-RUBBER MIXING AND PRODUCTION EQUIPMENT: All equipment used in production and
proportioning of the asphalt-rubber binder shall be descaibed as follows:

.1 Asphalt Heating Tank: An asphalt heating tank with a hot oil heat transfer system or retort heating system
capable of heating asphalt cement to the necessary temperature for blending with the CRM. This unit shall
be capable of heating a minimum of 2,500 gallons of asphalt cement.

.2 Blender: The asphalt-rubber mechanicll blender shalt have a tvm stage continuous mixing process capable
of producing a homogeneous mixture of asphalt cement and CRM, at the mix design specified ratios, as
determined by the Engineer. This unit shalt be equipped with a CRM feed system capable of supplying the
asphalt cement feed system. as not to Interrupt the continuity of the blending process. The maximum
capacity of the primary blending vessel shah be 500 gallons. Both the primary and secondary blenders shall
be equipped with an agitation device orlented hIrlztalty In the blending vessel. The blending unit shell be
capable of fully blending the individual CRM particles with the asphalt cement. A separate asphait cement
feed pump ad finished product pump are required. This unit shall have both an asphalt cement totalizing
meter in gallons and a flow rate meter in gallons per minute.

.3 Storage/Reaction Tank: An asphalt-rubber storage/reaction tank equipped with a heating system to
ma•ntain a temperature of 300PF to 375o1: for reaclng, pumping and adding the binder to the aggregate.
The stOragereactlon tank shall be separate from the primery and secondary blender of the blending unit.
The maximum capaciy of the storagefraeeion tank shall be 8.000 gallons. This unit shall have an nternal

miidng unit capa of maintainhig a uniform mixture of asphalt cement and CRM. ihe internal mixing
device shalh be oriented hozontily In the tank.

.4 Supply System: An asphallt-nibh"er supply system equipped with a pump and a direct interlock metering
device capa"le of adding the binoer by volume to the aggregate at the percentage required by the Job-mix
fonnula.

.5 Temperature Gaue: An armored thermometer of adequate range in temperature reading shall be flixed in
the aphalt-rubber feod line at a suitable location near the maisng unit.

Fabruary 17, 1994
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3.5 ASPHALT-RUBBER MIXING AND REACTION PROCEDURE

.I Asphalt Cement Temperature: The temperature of the asphalt cement shall be between 3750
F and 450OF

at the addition of the CRM.

.2 Blending and Reacting: The asphalt and CRM shall be combined and mixed together in a blender unit,
pumped into the agitated storagetreaction tank, and then reacted for minimum of 30 minutes from the time
all the CRM Is added to the asphalt cement. The quantity of CRM added shall be determined by weight for
each batch. Temperature of the asphalt-rubber mixture shell be maintained at not less than 325"F during
the reaction period. The asphalt-rubber may be allowed to cool to between 300OF and 350WF after it has
reacted for the specified period.

i3 Transfer: After the material has reacted for at least 30 minutes. the asphalt-rubber shall be metered into the
nixing chamber of the asphalt concrete production plant at the percentage required by the job-mix formula.

.4 Delays: When a delay Ocojrs in binder use after its full reaction, the asphalt-rubber shall be allowed to
cool. The asphalt-rubber shall be reheated slowly just prdor to use to a temperature between 300PF and
375 0

F, and shall also be thoroughly mixed before pumping and metering into the hot plant for combination
with the ag1regate. The viscosity of the asphalt-rubber shall be checked by the asphalt-rubber supplier. If
the viscosity Is out of the range specified in Table I cd this speofcetion. the asphalt-rubber blend shall be
adjusted by the addition of asphalt cement and/or CRM as required to provide the appropriate viscosity.

4. ASPHALT-RUBBER CONCRETE

4.1 MINERAL AGGREGATE

.1 General: The aggiagate for the asphait-rubber concrete mixture shall be composed of hard durable
particles of crushed stone, crushed gravel, crushed slag, or expanded clay lightweight aggregate. The
aggregate shall be free from clay balls or lumps, organic or decomposed materials, soft particles, adhered
dust and deleterious coatings. Natural sand or manufactured send may be used as the fine aggregate
portion. Mineral filler, If used, shall maot the requirements of ASTM 0 242 or AASHTO M 17.

.2 Physical RequirementsE

.1 Gradation: The gradation of the aggregate shall meet the following limits when tested in accordance
with ASTM C 136 orAASHTO T 11 and T 27.

Sieve Size Percent Passing s

1.

3/4-

#4

#30

.2 Fractured Faces: The agr e retained an the No. 8 screen shall consist of at leass .2 particles

whidc have at least one fractured or crushed face.

Febmuary 17, 1994
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.3 Abrasion Loss: The aggregate shall have an abrasion loss which does not excee...__ when tested
at 100 revolutions nor exceed_..... when tested at 500 revolutions In accordance with ASTM C 131
or AASHTO T 96.

.4 Sand Equivalent Value: The sand equivalent value of the aggregate shall be a minimum of.-
when tested In accordance with ASTM 0 2419 or AASHTO T 176.

4.2 ANTI-STRIPPING AGENT: If required by the Job-Mix Formula to produce appropriate water resistance,
hydrated lime. Type II poitland cement, or an anti-strIppIng agent that is heat stable and approved for use by the
specifying agency shall be incorporated at the percentage required by the job mix formula,

4.3 BLOTTER REQUIREMENTS: Blotter material. If required, shall be composed of fine aggregate or dry washed
sand meeting the following gradation requirements when tested in accordance with ASTM C 136 or
AASHTO T 11 and T 27.

Sieve Size Percent Passing

3W_ " 100

No. 4 75-100

NO. 16 45-80

No. 50 10-30

No. 100 0-10

5. JOB-MIX FORMULA

5.1 MIXTURE DESIGN: The mixture design shall be performed by the a__ __.and shall be used as the basis
for determining the job-mix formula. The design method used shall be In accordance with _. The
mixture design shall be submitted to the Engineer at least 10 days prior to construction. Based on information
contained In the mixture design, the Engineer shall approve a jobl-mix formula with the following tolerances
allowed for single tests on aggregate gradation and asphait-rubber binder content.

JOB MIX TOLERANCE
Siv size Percent Tolo'ance

3t8" ad lrerm 7

No. 4. No. S. No. 30 =5
No. 200 =2

The mixture design shal Include sufficient test results and documentation to assure that all requirements for the
aggregate (Section 4) and the asphalt-rubber binder (Sedcion 3) are futitlled.

Febnuary 17. 1994
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5.2 JOB-MIX FORMULA: The mixture design shall recommend the job-mix formula and shall list the followir
Information:

1. Aggregate
- source and identification (for each material used)
- gradation (for each material used)
- blend percentage
- mixture gradation

2. Asphalt-Rubber Binder
- source, grade and percent of asphalt cement
- source, grade and percent of CRM
- type, source and percent of additive(s). If required

3. Anti-Strip Agent
- Source of Anti-SlW
- Percentage of Anti-Strip

By Weight of the Asphalt Cement for liquid antistrip
By Weight of Aggregate for lime or portland cement

4. Recommended asphalt-rubber binder content both by weight of total mix and by weight C! dr
aggregate.

5. Recommended mixture production temperature.

6. Recommended lay down temperature.

7. Density guidelines.

6. CONSTRUCTION EQUIPMENT

6.1 ASPHALT-RUBBERJAGGREGATE MIXING EQatEPMENT: The addition end mixing of the asphalt-rubber wltt
the aggregate shag be accomplish•d wlth one of the folowing types of hot-mix asphalt plants.

Batch Mbdng - Batch mix pl consisting of col ogregate storage and feed. drier, gracation control unit
hot aggregate stonrge bins. Ingegatu weig-hopper. and a twin-shaft pugmi mbdng unit. Also. the plan:
may be equipped with hot-mix surge or storage bins for short~enm holding of the mixture until spreading

Dder-nMa Mixing - D.Wl-dmm mix OW consisting of Cold aggregate sftorge and feed. autonatic weighing
system, drier-drum mixer and Il-t-mix surge or storage bins for s term holding of the mixture unti

The oeshakt-Jmbbetdag te mixn equipment shaft be capable of producing a paving mixture meeting all of
the reqln•aft contained in this specicatlon. Spedicly the pM shat povide pOlper aggregate gradation,
asphel-rflber binder crnten arnd mfibng tempoergnit.

6.2 MIXTURE SPREADING EQUIPMENT: Paving shall be ecoompshed with siN-propelled, mechanical
pes ig ain nflatil equipm npaii• tir or bsncled type, ateng a tanling bar cirvibatory weed or

ste-clf esembly capable of dstIbutlg the matie to not lesi than the ful wkt of a tItlne and to the
deth neede to adimde the minkmum comnped Vmeus or flniled grade - qqued. The weed or
state-cf assembly shall be equippeld with a heating unit that maintake the temperature needed to prevent
teeing df the pili mlrtdure *duing sWpead . Pants 9W Isleav rdges. indetation or oWthe mars in tMe

afdae that cannot be eminsted by nfin or pirme d by a•utment In operation of the equiment shal not
be uled.

February 117.1994
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*Asphalt-Rubber Concrete Pavements Pe.s

6.3 HAULING EQUIPMENT: Trucks for hauling the paying mixture shall be end, belly Or bottom gate, dum~p or
moving bottom (horizontal discharge) typ, and compatible with the spreading equipment. If an end dump unit is
used, the bed shall not push down an the paver receiving hopper when fully raised or have too short a bed which
results in mixture spillae In front of the paver.

The trucks shall be equipped, when Ordered by the Engineer, with a canvas or similar covering so as to prevent
excessive heat loss during coole Weather or as a result of lon haulig distances.

6.4 COMPACTION EQUIPMENT: Rolles shall be self-propelled, 2-axle (tandem) steel-wheel type and shall have
a minimum weight of 8 tons. All rollers shall be equipped with pads and a waterinog system to prevent sticking of
the paying mixture to the steel wheels (drums). Vibraloryt rollers shall be used for breakdown passes on
gap-graded mixes except when this causes excessive aggregate fracturing and the Engineer directs otherwise.
The contractor shall furnish a minimum of two of the rollers as described above. Pneumatic-tired rollers shal not
be used, due to the Increased adhesiveness of the asphat-rubber binder.

6.5 EILOT1ER SPREADING EQUIPMENT: Slotter shall be spread using hopper or whirl type tallga.':e spreaders.

7. CONSTRUCTION PROCEDURES

7.1 GENERAL- Potholes and other areas of pavement failure and major depressions in the existingi pavement
surface shall be repaired by Patching with asphalt concrete.

Cracks greater In width then 114 Inch shall be repaired with an appropriate filler or sealant.

Immediately prior to application of a tack coat, the surface shall be thoroughly clawled by sweaping.

7.2 TACK COAT: The type grade or designation, and the rate of application for the specifc usage wil be specified
by the Engineer.

7.3 ASPH4ALT-RU13SER PRODUCTION RECORDS: The asphaft-rubber supplier shall maintain records indicating
for each batch of asphailt-rubber binder produced the quantity of asphalt cement in gallons and pounds. the
temperature of the asphalt cement, the amour. of anti-strip, or other additives. I used, in gallns andfor pounds.
and the quantity of CRM in pounds. This information shahl be provided to the Engineer on a daily basis.

7.4 ASPH-ALT-RU13BER)AGGREGATE MIXTURE PREPARATION: The asphalt-ruibbeir binder shall be at a
temnperiture Of 3006F to 375OF when pumped and metered into the mixing plart.

The aggregate shall bedded and heated to provide a paying mixture irmmedisatly after mixing with a temperature
not exceeding 325OF and a moisture content not exceeding 1.0 percent by weight of mixture.

The rm11iig opefto shaRlS be sufficient to achieive, a satiafactory n~miur with 100% coated Particles as
determinied by MASHTO T 195 or ASTM D 2489.

If the mixtutre Is dischariged from the mixer Into a hot-mix surge or storage bin, the bin shall be Operated so that
segregation Of the mirdure will be minimized.

7.5 HAUUING OF ASPHALT-RUBDERIAGGREGATE MCIXURE., Truick beds shall be clean Of materilas; such as
dirt, mud aid "aggroae. Just prior to loading Of the mixture, the tuck bed sall be sprayed with a light
a~ppllbn ci asoapy soluiloni Ora alcone emulsion to reduce stidatgof the nixtiure te the truck bed. Oilig o
tbuck beds with kerosenes or dIesealfl kWwil not be permitted du to adverse affedias on the binder.

7.6 SPREADING OF ASPHALT-RUBERIAGGREGATE MIXTURE: The mixture shel be pWWaced finishvid bo
means of praing equipmerit as required by Section 6.2 except under certain conditions or at certaink locations
where the Enginee determne tol wue of self-propelled paerm limPractioal. The tempeirature di the mixtue
limmeidiately behind the paver shaill be a mintimumn of __! OF.

Felinmy 17, 1"94
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The paving equipmen shah place the mixture without segregation or tearing within the specified tolerances
true to the line. grade and crown Indicated on the plans. in order to achieve a continuous spreading operas
the Speed oe the paeer shall be coordinated with the production of the mixing plant.

The width of each pass of the paver shalt be Unmited to the maximum width of the heated zcreed or strike
assembly en aide augers. The sacd may be extended, at the discretion of the Engineer, beyond the eni
the auger for shoot distances whore Irregularities in the pavement width occur.

The mixture shall nort be, ,aced on any wet surface or when weather conditions will otherwise prevent pro
handling or finishing, The recommended minimum atmospheric temperature for placement of thin ( 1-inch thi
overlays Is SrF and rising.

7.7 COMPACTION OF ASPHNALT-RUBBERJAGGREGATE MIXTURE: The mixture shall be roaed by means
the compaction equipment as required In Section 6.4. A minimum of two rolers shah be used for mixtk
compaction unless otherwise directed by the Engineer.

Initial or breaikdown aomoadion shell commence immediately after mixture spreading and shall continus unti I
minimum required density I is obtained, unless otherwise directed by the Engineer. All roling shell
accomplished without excessive agg te frecturing or mixture shoving.

7.6 APPLICATION OF BLOTTER MATERIALS: The application of blotter material (usually t to 2 pounds F
square yord) meting the requirements of Section 4.3 may be requinKr on a worm mat before opening to traff
The use. rate and locatios or blolter material shall be designated by the Engineer. Any blotter material shah?
unNomly applied using equipment speciieq in Section 6.5. The contractor shall be responsible for removei
excess blotter material within 24 hours after application.

7.9 TRAFFIC CONTROL: Traffic shall be directed through the pro(ec with such signs, baricaodes, device
flagmen, and pilot vehicles as may be necessary to provide the maximum safety for the public and the wormk -
with minimum Interruption of the work and to protect the mat from damage until sufficiently cooled or covert
with blotter to carry traffic.

8. METHOD OF MEASUREMENT AND BASIS OF PAYMENT

8.1 ASPHALT-RUBBER BINDER: The asphalt4uber binder shall be measured and paid for per ton of binder;
the mixture under Asphalt-Rubber Binder which Includes asphalt cement, crumb rubber modifier (CRM), and ar
additives.

8.2 ANTI-STRIP: Ani-strip material will be measured and paid for. per gallon for liquid antl-strip; or per ton fc
hydrated ien or gorti•id cement.

6.3 ASIPHALT-RUBBER CONCRETE: The ophas tnerAgg-egae mixture shall be measured ad paid for pe
ton in-place under Asphaklt er Concrete which includes the minaer Qgoagate as specified. sa-ghe.l-ub
concrete mixture preparation. heullng, spreading and compaction as spedned.

6.4 BLOTTER MATERIAL The blotter material will be mansured and paid (or per ton knpl under BWote
Material. as sperif.

6.5 TACK COAT: The tac coat will be measured and paid for per ton in-place under Asphalt for Tack Cost, "Specifed.

8.6 PATCHING: Any pavement patching as specified wil be measured and paid for per square yard unde,
Pavement Repir (patchi).

6.7 CRACK SEALING: Any crack seeing as Specified wilt be msasursd and paid for per boer foot unde
Pavement Repa (crak aeeig).
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8.8 TRAFFIC CONTROL, The traffi control Will be a lump sum Item end paid for under Traffic Contiolt.
specifled.

NOTES TO ENGINEER

A. Specify that either ant open-gaded or gap-grded esphuit-nsbber concrete paveiment is to be constructed. The ape
and gap-grde mixes can (and should) be prdcdat higher binder contents then conventional dense-rade,
Mixes, which Increases their durability and fesbilty (resistance to crack*n). The inlcreased stiffness cf th,
ashalt-rube Winde at high temperatures and the Iniproved 00tone-ta-ston contact of these mixes$ provide!
increased resistance to rutting.

B. The asphait-rubber binder Is typicaly desige for three nominal climate ranges, hot, moderate, and cold, as showi
in Table 1. The rat blan in Sectin 3 should specif the type of asphalt-rubber to be used (Hot, Moterate, or Cold)

C. It is not necessary to specify Ithe grade of aswhas IemNt to be used in preparing the asphalt-rubber binder. TNt
eaphall-rubber suppler shoWl be slowed select the grade of asphalt cemnto that when blended with the CRM wili
meet the propWerte specified In Table 1.

0, For open or glap-graded mixes, e~e Grade A or Grade 1Isb acceptable.

E. Proper $010lidon Of miNer aggregale is very Woorfari for productin of asphalft-ubbor concrete paving hatures. In
addition to the general descriptive requirements contained in Section 4. other parametert are also used in this
specification for identifyin aggregaltes which are apprapriate for specific mixtures and traffic conditions. Limits for
these parameters folow in Table 3.

TABLE 3
SUGGESTED GRADATION SPECIFICATION

FOR
OPEN AND GAP-GRADED ASPHALT-RUBBER CONCRETE

Mix Type Open-Graded Gap-Graded ____

sieve sine 3WS 1ir 3WF 11r 3/4"
1. 100 100 100 100 100

314" 100 100 100 100 90-100
1/T 100.. M1-100 100 90-100 65-85

341" 65-100 75-95 78-92 70-90 50-70
04 25-55 20-45 28-42 24-42 22-42

so6-15 5-15 j 15-25 16-25 15.25
#30 0-10 0-10 j 5-15 5-15 5-15
S20 1 0-5 0-5 34 3- 3-7__

The limits cnotalnedt In Table 3 are ktendjed to be k gujde for sele*Jon of appropriate aggegats. These 11mit may
be modifid for use in areas wher aggrqgdat meNi qhese requirements; cnnot be produced at a reasonable
cost- The useda a standard gradation from a dste Mgheey departmnent, city or county that generally follows these
guidelines may be acceptable.
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Aggregte quality it very imipprient to performn~ice of any hot mix, oclijdlng those produced with asphatl-rubb
binders. The increased stone-to-stone contact of the open and gaip-graded mixes requires the use of hald crusht
stone or gravel. The following proesens recommended physical requirements for aggregates to be usiid
aspholl-rubbW concrete mixes.

Table 4
Recommended Physical Reuiremenits for Aggregateas

Fractured Faces (Retained ft) 2-freffured lawss 86% minimum
1-fraCtured face 90% minimum

Abrasion Loss (AASIITO T 96) 100 revalutons 16% maximum
600 revolutions 135% maximum

Sand Equivalen (AASHTO T 176) 155 minimum
C~yLumps IL Friable Particle in Aggregate 1.0% maximum

ASTM C 142)J

If en agncy nomally uses other tests not shown here which eliminate poor quality aggregates, any such tests anu
apptopriate limits should also be included in the specification.

F. Select who will perform the mix design. If no experienced independent laboratory or other source is avallable, wl
reommend tha the asphait-rubber supplier either perform the mix design or at least be consulted regarding
appropriate procedures and evaluation criteria,

G. Gapgraded asphalt-rubber mixes can be desiged using nodified Marshall or Hveem procedures, but evahiatior
criteria diffr signllicantly from those for standard asphalt concret mixes. in general, asphalt-rubber hot mixe!
should be designed at greater binlder contents then standard asphalt concrete mixes.

Recommended Marshall and Hveem mixture properties for the respective mix types are as follows:

Mixture Property Gap.Graded Open-Graded_
Marshall Stability Report NIA
tHveemn Stabilomeater Report NIA
Marshall Flow Report N/A
Effective Voids 3l06% See Note'
vMAA MInimumn 10% Minimum 22%
Retained Tensile Strength (ASTM 0 4867. with freeze Minimum 60% N/A
cycle recommended)-
Asphalt-Rubber Binder Content, by Wt. of Total Mix WA See Note

'Effective voIds of laboratory compacted open-graded mixes shtould be determined using paraffin
coated specimens (ASTM 01188 ),

'Binder contents for Open-Graded mixes are generally between 6.5 and 11.0 percent

H-. Recommended mixture spread temperature are:

Open-graded - mnimumt 2500F
Oiap-gaded - minimum 270OF

I . For gap-rade mixes the recommended compaction Is at least 95% of the laboratory density obtained from field
samples of the mix., or a minimumn of 92% of theoretical maximum density obtained from field samples. For
opengraded mixes compaction Is typically controlled by a metho specificationi with a minimum numnber of
coveage o, romean antuor estibbishing a rolling pattern using a test section. Reqtuiremnents for sampling and testing
of density should be Incorporated into fths section.
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